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EFFECT OF BORON ON THE GROWTH OF CERTAIN 
GREEN PLANTS * 


By ANTONIO RopricuEZ GfIGEL,** 
INTRODUCTION 


In reeent years considerable attention has been given to the ele- 
ments manganese, copper zine and boron in relation to plant nutri- 
tion. Manganese has been definitely established as an essential ele- 
ment. The evidence for boron as an essential element is not as 
definite as the evidence for manganese but stil! it is fairly convincing. 
Like other elements boron at low concentration may inerease plant 
growth while at higher concentrations boron is toxic. In general 
boron at concentrations in excess of one part per million has been 
found to be injurious to plants. This toxicity of boron is manifested 
by a distinct chlorosis of the leaves, defoliation and abscission of 
young fruits. Death may ultimately result from excess of boron. 

Boron deficiency is of little practical importance in crop produc- 
tion, since there appears to be in most soils an adequate supply of 
available boron. Boron toxicity has been reported under certain 
conditions and is a problem of practical importance and may be a 
problem of greater importance than is generally recognized. Thus 
in Southern California and in the valley of the Rio Grande in Texas, 
fruit trees have been reported as injured by boron. These conclu- 
sions are based on the character of the injury, i. e. chlorosis, defolia- 
tion and abscission of fruit and evidence on the presence in the plant 
and irrigation water of unusual amounts of boron. The fact that 
cholorosis is associated with boron injury suggests that boron in- 
terferes in some manner with the normal iron or manganese relation- 
ships. It further suggests that boron may owe its favorable effects 
on plants by counteracting or antidoting the toxicity of iron or 
manganese particularly the former since in general less attention has 

* A thesis presented to the faculty of the graduate school of Cornell University as partial 
fulfillment requirements for the degree of Doctor of Philosophy. 
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been given to the quantity of iron added to the eulture medium than 
that of manganese. 

This investigation is concerned with the toxicity of boron and 
more specifically with a possible relation of iron to boron. Three 
hypotheses have been advanced to account for boron toxicity. (1) 
Boron may have a direct influence on chlorophyll resulting in its 
destruction. (2) Boron may have an effect on iron which is essential 
for cholorophyll formation. The solubility of iron may possibly be 
decreased either in the culture medium in the soil, or in the plant. 
(3) There is the possibility also that in the presence of boron there 
is a decreased permeability of the cell to iron or a lesser accumula- 
tion of iron. Similar relations might hold with respect to manganese. 

The problem of boron toxicity is one of theoretical as well as 
practical importance. Basie studies are essential for the develop- 
ment of practical method of control. 


REVIEW OF THE LITERATURE 


Boron seems to be widely distributed and probably occurs in all 
green plants. Wittstein and Apogier (35) in 1857 were the first to 
claim the presence of boron in plants. Baumert (2) 1888 detected 
boron in wines. E. O. Von Lippman (20) 1888 demonstrated its 
presence in the leaves and roots of sugar beets. Hotter (14) 1890 
analyzed various fruits, leaves and twigs of certain plants finding 
boron present in apple, pear, cherry and others. H. Jay (15) 1895 
analyzed various plants and concluded that boron is of universal 
oceurrence in the plant world. He also stated that plants varied in 
their capacity for absorbing boron. 

In recent years the problem of the stimulative action and the 
essential nature of boron has attracted the attention of various in- 
vestigators. Nakamura (25) 1903 using peas and spinach in pots 
with soil found that the addition of one milligram of borax per kil- 
logram of soil exerted a stimulant action while 5 milligrams had a 
slight depressing action. Agulhon (1) 1910 in his exhaustive studies 
using sand, water and soil cultures found that boron was beneficial 
for plant growth. Brenchley (3) 1914 using barley and peas in 
water cultures gave evidence of stimulation with the lower concentra- 
tions. With barley stimulation was not very evident. K. Warring- 
ton (33) 1923 in her extensive work on the effect of boron compounds 
on the broad beans and other plants, using water cultures, soil cult- 
ures, and field experiments, concluded that boron is an essential 
element. Warrington held the view that boron functioned catalyt- 
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ically in the plant. Plants showed variations as to the need for 
boron. Seasoned variation was important. Lack of boron affects 
meristematic tissues. Brenchley and Thornton (4) 1925 presented 
evidence to show that the absence of boron from the culture medium 
does not affect the entrance of the legume organism into the plant 
roots, but rather that gorwth of the plant without boron has affected 
the development of the nodules. The vascular supply of the nodules, 
was defective. Such nodules having no vascular strands remained 
small and buried in the cortical tissues. In nodules without vascular 
strands the bacteria do not give rise to bacteroid forms. There 
was a reduction in nitrogen fixation. Warrington (34) 1926 in her 
studies on the changes induced in the structure of Vicia Faba, by the 
absence of boron trom the nutrient solution, found hypertrophy of 
the cambium, frequent disintegration of the phloem and ground pa- 
renchyma, and poor development of xylem with ultimate breaking 
of this tissue. 

Sommer and Lipman (81) in 1926, using conductivity water and 
highly purified chemicals, presented photographie evidence showing 
that boron is essential for the growth of green plants. Brenchley 
and Warrington (5) in their study on the role of boron in the growth 
of plants reported complete failure of growth in the absence of 
boron. In the absence of boron, irrespective of the pH of the nutrient 
medium «death ultimately occurred. They obtained better growth 
with a solution having a pH of 6.2. In their study on the influence 
of the concentration of boron on growth, they claim that the critical 
factor is the absolute amount of boron available in any one period 
and that concentration is not important so long as the rate of replace- 
ment is rapid enough to supply the required amount. A lower con- 
centration of boron will suffice if the nutrient solution is frequently 
renewed. They stated that the form in which boron is present is 
of no importance and that sufficient amounts can be obtained from 
the insoluble borates. Boron could not be replaced by any other ele- 
ment and could not replace any of the essential elements. The au- 
thors claim that without boron, calcium is not fully utilized and 
that boron enables the plant to actually obtain more calcium or utilize 
it more efficiently in metabilism. Swanback (32) 1927 presented evi- 
dence indicating that boron is essential for the growth of tobacco. 
Collins (6) 1927 using sand, soil and water cultures claimed that 
boron is not necessary during the seedling stage. He obtained no 
stimulation by boron and concluded that boron is not necessary for 
the production of a mature soy bean plant. Johnston and Dore (17) 
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1928 from their study on the influence of boron on the chemical com- 
position and growth of the tomato plant concluded that boron in 
concentration of 0.5 parts per million is necessary for the normal 
growth and development of the tomato plant. With a deficiency in 
boron they noted death of the terminal meristem and breaking down 
of conducting tissues in the stem. They found more total sugar and 
starch in the leaves and stems of boron-deficient plants and relate 
this to deficient conducting tissue. MeMurtry (23) in 1929 cor- 
roborated the results obtained by Swanback. McHargue (21) 1930 
also found a marked stimulation of growth with the use of boron. 
In a later paper (22) 1932 he describes special symptoms obtained 
with lettuce when boron was deficient. A.R.C. Haas (8) (9) (10) 
working with citrus trees has reported the necessity of small amounts 
of boron for their growth. 

The various investigators who have dealt with the essential nature 
of boron have also studied the range in which boron is toxic. In 
general they have found that boron in concentrations above one part 
per million is toxic to plants. Such toxicity is marked by a chlorosis, 
defoliation and shedding of voung fruits. 

The problem of boron toxicity has become important in the dry 
regions of California and Southern Texas. Fruit trees of these 
regions have been affeeted with a chlorosis and final shedding of 
leaves and young fruits, thus causing damage of economic importance. 
The cause of this injury has been studied by various investigators. 
Kelley and Brown (19) found that boron is a natural constituent 
of the irrigation waters of Southern California. Subsequent in- 
vestigations by Scofield and Wileox (26) have confirmed these earlier 
reports and on the basis of their findings they concluded that boron 
is the cause of the injury to the crops of these regions. They stress 
the fact that the severity of crop injury resulting from boron may 
be influenced by local soil conditions, by climatie conditions, by 
method or quantity of irrigation and by the program of fertilization. 

Skinner, Brown and Reid (28) in studying the effect of borax 
on plants made field experiments with various crops. They found 
borax when applied under field conditions to retard growth and 
erop yield. They refer repeatedly to a ‘‘bleaching’’ of the leaves 
though reduced yield was noted without chlorosis. With corn they 

state that badly bleached plants were obtained when borax was used 
in amounts greater than 5 pounds per acre. They suggest ‘‘this 
prevention of chlorophyll formation may be due to an interference 
with the assimilation of iron, similar to the action of calcium or as 
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observed with an excess of manganese compounds.’’ Tip burn has 
also been noted by these investigators as well as by others. 

Summarizing the results of these various investigations, the con- 
elusions are that boron at concentrations in excess of one part per 
million is toxic and that boron is essential for the growth of green 
planis. No evidence is available concerning the role played by boron. 
Views concerning the role of boron in relation to iron and toxicity 
have been stated previously. 


EXPERIMENTAL METHODS 


In all of the previous work on boron, higher plants have been 
used which normally grow on soils. In my own experiments I 
selected two water plants, one of the duckweeds, Spirodela polyrhyza, 
a higher plant, and the other a species of Chlorella a unicellular alga. 
The former was obtained from Dr. Albert Saeger, who maintained it 
under pure culture condition. The alga was originally obtained 
from the soil by Wann and Hopkins (11) and has been maintained 
under pure culture conditions. 

These plants were selected because their relation to iron and man- 
ganese has been well established, and it is possible to grow these 
in large numbers under uniform conditions. Thus, statistically such 
results as might be obtained should be significant. 

In the experiments with Spirodela the plants were grown both 
under pure culture conditions and under ordinary water culture 
methods. With Chlorella, however, all the experiments were made 
under pure culture condition. With the Spirodela experiments, 
under ordinary culture conditions, ten plants were removed from 
the stock culture and transferred to the beakers containing the solu- 
tions under consideration. In the pure cultures only one plant was 
transferred to each culture at the outset of the experiment. Atten- 
tion was given to the selection of uniform plants. 

The stoek cultures of Chlorella are maintained on potato-dextrose 
agar, a medium excellent for the growth of the alga. In starting 
cultures for the experimental work the following procedure was 
adopted. A small mass of cells was removed from the agar slope 
by means of the platinum needle and added to 10 ee. of sterile 
distilled water. This was agitated well until thorough suspension 
of cells was obtained. To the culture medium was then added one 
cubie centimeter of the suspension by means of a sterile pipette.. 
The suspension used in the various experiments was made to contain 
approximately the same number of cells. 
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The cultures after inoculation were placed on a table in the 
laboratory in front of a window where sufficient light was available 
for good development. The arrangement of the cultures was changed 
daily in order to eliminate differences in illumination. 

Counts of the number of plants formed in the cultures of Spiro- 
dela were made from time to time during the course of the experi- 
ments. The number of leaves was also used as an index of growth. 
The dry weight of Spirodela was determined by drying the plants 
in vacuum oven at 50 degrees centigrade. In the experiments under 
ordinary cultural conditions, half of the plants were used to deter- 
mine the dry weight, while those under pure culture conditions, the 
total number of plants was used. 

The dry weight of the alga was obtained by filtering the culture 
through weighed gooch crucibles and then washing the cells in dis- 
tilled water. The crucibles were then dried in a vacuum oven at 50 
degrees centigrade and the final weight obtained, 

The water used in the preparation of the cultures was obtained 
from an electric still. The chemicals used were Kalbaums and these 
were reerystallized three times. A nearly saturated solution of the 
salt in hot conductivity water was made. This was filtered while 
hot to remove detritus. The solution was then chilled in a eold 
aleohol bath and the resulting crystals were collected on a buehner 
funnel. This process was thereafter repeated twice. The sugars 
used were Mereks sucrose U.S.P.X. and dextrose, Bakers’s Blue 
Label. These were not recrystallized since they gave no test for 
iron. 

Iron determination. Ten cubie centimeters of the solution are 
placed in a 50 ee. Nessler tube. To this is added 1 ce. of concen- 
trated HC1, 1 ee. of a solution of KSO,4 (potassium persulphate) 
containing 5 milligrams of KSOy, per ee., and 10 ee. of a 10-per-cent 
solution of KSCN (potassium sulfoeynate.) Fifteen ec. of an amylic 
mixture containing 5 parts of amyl aleohol and 2 parts of ether is 
then added. This is then mixed thoroughly with a vertical motion 
using a glass rod with a flat end in order to allow the amylic mixture 
to take up all the Fe (SCN)s. The mixing should not be violent, 
otherwise an emulsion may be formed, giving the upper layer a turbid 
appearance. When the two layers have separated, 5 ec. of the upper 
layer is removed by a pipette and placed in a colorimeter tube. 
Comparison with a standard is then made. The standard is prepared 
in exactly the same way having a known amount of iron present. 

Boron analysis. The precipitation was obtained from the culture 
medium by centrifuging. It was washed with distilled water several 
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times and then dissolved with concentrated HCl. The solution was 
made up to 50 ce. and an aliquot part taken to be tested with Tumeric 
paper. The Tumeric paper was allowed to stay in the solution from 
24 hours to 48 hours. 


EXPERIMENTs Witru Spirodela Polyrhyza 


The culture solution used for Spiredela was Knop’s solution 
modified to the extent of obaining a balance medium which would 
give maximum growth without forming a precipitate. This solution 
will be designated as K-I. 


The culture medium used was made up by taking 10 ee. of the 
above stock solution and diluting it with the addition of 990 ee. of 
distilled water. MnS0O, 4H.O was added so that the concentration 
of manganese would be 0.1 p.p.m. Iron was added in 0.5 p.p.m. as 
FeCl; unless otherwise specified. 


Experiment 1. 

In this experiment the plants were grown under ordinary water 
culture methods. Beakers of 400 ee. capacity, of pyrex glass, were 
used. These were covered with Petri dishes to prevent the entrance 
of dust. In each beaker was placed 250 ee. of the culture solution. 
At the outset of the experiment 10 plants were transferred from the 
stock culture to each culture vessel. At the beginning al! cultures 
were in duplicate but later in the experiment the individual treat- 
‘ments were replicated four times. The culture solutions were changed 
every three or four days and observations were made at these times 
on the color of the plants and root conditions. Counts were made 
also of the number of plants per culture. The results of this experi- 
ment are summarized in Table 1 and presented graphically in 
Figure 1. 

When the data under date of April 11 are noted it will be ob- 
served that there appears to be a marked stimulation of growth by 
concentrations in excess of 30 p.p.m. The large number of plants is 
duc not to increased growth but to a breaking up of the original 
plant into many smaller individuals consisting usually of single 
leaves. This is characteristic of the dueckweeds when an unfavorable 
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condition is present and is to be taken as evidence of toxicity. These 
individuals soon die so that in the figures given under April 21 no 
data are recorded for these cultures with the highest concentrations. 
Furthermore, the final figures on the number of plants do not reflect 
fully the differences in growth between the boron-treated plants and 
the controls, since the plants with boron were generally smaller. 
This will be referred to again subsequently. 

The controls were not of a deep green color indicating that iron 
was in part deficient, but those plants with boron were more deficient 
in chlorophyll. 


TABLE 1—INFLUENCE OF BORON ON GROWTH OF SPIRODELA. BORON ADDED AS 
BORIC ACID. EXPERIMENT BEGUN APRIL 7 WITH 10 PLANTS IN EACH 


CULTURE. 
Number of Plants per Culture 
Ave. No. 
Treatment Plants Condition 
April 11 April 16 April 21 April 21 
5 110 99 | Slight 
Boron 1 p. 
Boron 1 p. 55 | Chlorotic 
15 36 24 24 plants smaller 
Boron 10 p.p.m......... vin 12 30 22 22 | Chlorotie and 
> and very 


The chlorosis noted in the plants grown with boron began with a 
discoloration at the tip of the lobes spreading down to the base of 
the lobes. The possibility of iron being deficient in the solution and 
causing the chlorotic appearance was considered. Iron was added 
0.125 parts per million to one culture in each series. The addition 
of this extra iron as FeCl; did not correct the chlorosis. The reason 
for this lack of response to extra iron will be presented and discussed 
subsequently. It was still assumed that iron was unavailable. With 
this point in mind 20 parts per million of potassium tartrate was 
added to each of the cultures in which the amount of iron had been 
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increased. The results of the addition of potassium tartrate were 
observed four days later. All the cultures to which it had been 
added became green and normal in color. Algal growth in the solu- 
tion containing the tartrate also showed the beneficial effect of the 
treatment. 


In summarizing these results boron was found to be detrimental 
to growth. Signs of its toxie action were shown by the chlorosis 
of the leaves, loss of roots and general decrease in size and growth. 
The addition of potassium tartrate induced chlorophyll formation. 


100 
90 
5 
J 
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Figure 1.—Influence of boron on growth of Spirodela 
polyrhyza based on average number of 
plants in cultures on April 21. 


Experiment 2. 

In this experiment the culture conditions were essentially like 
those of the preceding experiment except that potassium tartrate 
was used in half of the cultures. The tartrate was added as a means 
of maintaining the availability of iron. This has been used re- 
peatly for this purpose and in Experiment 1 proved effective in in- 
ducing chlorophyll formation. As in the previous experiment iron 
was added at the rate of 0.5 p.p.m. To reduce algae contamina- 
tion the solutions were renewed at intervals of four to six days. 
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TaBLE 2—EFFECT OF BORON ON SPIRODELA POLYRHYZA. EXPERIMENTS BEGUN 
ON APRIL 26. TEN PLANTS WERE INITIALLY PLACED IN EACH CULTURE. 
FIGURES REPRESENT AVERAGE OF FOUR CULTURES. 


May 18th June 6th 
No. of No. of 

‘Treatment Plants* Dry Relative Plants* Dry Relative 

Wt. Dry Wt. Wt. Dry Wt. 

20 22.4 | 100 45 32.5 100 

Boron 1 p.p.m........... 66 31.6 | 141 34 33.5 103 
Boron 2 p.p.m........... 57 37.9 | 168 24:9 76.6 
52 30.8 | 137 °47 25.1 77.0 
Boron 10 p. p. m........... 45 5.3 | 


° Plants small due to fragmentation. 

* Plants were removed at definite intervals from each culture, the percentage removed from all 
flasks being the same. 

After May 13th the plants in some of the cultures became too 
numerous and it was necessary to remove half of the plants from all 
cultures at this time. Those removed were used for dry weight 
determination. Subsequent removals of plants were made so that 
the plants were halved on May 19, 24, and 31. The plants were 
halved therefore four times. No figures are given to show the total 
number of plants that would have heen produced if the containers had 
been sufficiently large with adequate volume of solution, and no 
reduction in the number of plants, as has been done by others. 
TABLE 3—EFFECT OF BORON ON SPIRODELA IN THE PRESENCE OF POTASSIUM 


TARTRATE. EXPERIMENT BEGUN APRIL 26. TEN PLANTS WERE INITIAL- 
LY PLACED IN EACH CULTURE. FIGURES REPRESENT AVERAGE OF FOUR 


CULTURES. 
May 13th June 6th 
Treatment No. of Relative No. of Relative 
Plants* Dry Wt. | Dry Wt. Plants* Dry Wt. | Dry Wt. 
| 1 
Lo er 37 26.4 100 83 64.2 | 100 
Boron 1 p. p.m.. 51 37.2 141 52 36.8 | 57.4 
Boron 2 p. p. m... 47 39.1 148 42 32.1 | 50.6 
Boron 5 p. p.m... °45 21.5 81.4 13.4 20.8 
Boron 10 p. p.m........... °50 6.8 


° Plants small due to fragmentation. 

* Plants were removed at definite intervals from each culture, the percentage removed from all 
flasks being the same. 

The detailed data are given in Tables 2 and 3 relative values are 
combined in Table 4. It should be noted that for the initial period 
of growth boron at concentration of from 1 p.p.m. to 5 p.p.m. actually 
increased the number of plants produced and the dry weights. This 
was true when the plants were grown without tartrate and with tar- 
trate, though with the latter there was no stimulation of growth with 5 
p.p.m. In the later periods of growth there was a marked decrease 
in yield with all concentrations of boron except in the cultures con- 
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taining 1 p. p.m. of boron without tartrate. Ten parts per million 
of boron were markedly toxic. In the culture without tartrate chlo- 
rosis was more pronounced than in the controls at the close of the 
experiment. 


TABLE 4—INFLUENCE OF BORON ON SPIRODELA WITH AND WITHOUT TARTRATE, 
RELATIVE VALUES OF DRY WEIGHTS. 


May 13 June 6 
‘Treatment + + 
Tartrate Tartrate Tratrate Tartrate 


Volume of solution—250 ce. 


Experiment 3. 
In order to test the effect of potassium tartrate on boron toxicity 


under controlled conditions, experiments were started using pure 
eulture methods. The nutrient culture solution used was the same 
as that of the preceding experiments. The concentration of boron 
ranged from 0.5 to 5.0 p.p.m. Potassium tartrate was also added 
to half of the cultures in concentration of 20 p.p.m. One sterile 
plant of Spirodela was transferred to each culture. The cultures 
were kept at room temperature near a window and were allowed to 
grow for five weeks. The results obtained are presented in Table 5. 
They are shown graphically in Figures 3 and 4. 


TABLE 5—EFFECT OF BORON ON SPIRODELA UNDER PURE CULTURE CO NDITIONS 
WITH AND WITHOUT TARTRATE, ONE PLANT WAS INITIALLY PL ACED IN 


EACH CULTURE. 


With Potassium Tartrate Without Potassium Tartrate 


Average Average Relative Average Average Relative 
D 


Treatment No. of Dry Dry No. of ry Ty 
Plants Weight Weight Plants Weight Weight 
53 21.7 100 33 14.7 100 
Boron 0.25 p. p. m......... 56 24.5 112 34 12.4 84.3 
Boron 0.5. Dp. 49 23.9 110 38 17.2 119 
Boron 1.0 p. p.m 65 26.0 119 36 16.1 109 
Boron 2.0 p. p. m 55 20.4 94 53 18.7 127 
Boron 5.0 p. p. m.......... 12 1.4 6.3 29 2.7 18.3 


Duration of experiment—5 weeks. 
Figures are averages of 3 cultures. 
Volume of solution—250 cc. 


Boron proved to be extremely toxic at five parts per million both 
with and without tartrate. With two exceptions greater growth was 
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obtained when boron was present at concentrations of 2 p. p.m. or 
less. Potassium tartrate, while it maintains iron in solution, has no 
influence on the toxicity of boron. No chlorosis was observed in any 
of these cultures. 


Experiment 4. 

Various investigators (27) (28) have suggested that boron toxicity 
may be related to deficiency of iron, and that chlorosis observed with 
high boron content is the result of an iron deficiency rather than 
to a direct action of boron. The results in my own experiments 
suggest a similar relationship though subsequently no chlorosis was 
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Figure 2.—Influence of boron on growth of Spirodcla. 


noted. In Experiment 4 an attempt was made limiting the higher 
concentrations of boron. The data are given in Table 6. There are 
some discrepancies in the analysis of iron in the series without tar- 
trate and more iron remains available with tartrate than without 
tartrate. Nevertheless the toxic influence of boron still prevails at 
concentrations in excess of 2 p. p. m. and even at some of the lower 
concentrations. 


Experiment 5. 
To determine the relation of boron to iron availability with and 
without potassium tartrate in the absence of plants the following ex- 


20 
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periment was started. The solution used was the same as that of 
preceding experiments. To the individual flasks containing 250 ee. 
of the nutrient solution boric acid was added to supply boron in the 
concentrations indicated in Table 7. Half of the cultures received 
20 p. p.m. ef potassium tartrate. The solutions were not sterilized. 
Hydrogen-ion and iron concentrations were determined daily for a 
period of seven days. The analysis made of these solutions on the 
day in which they were prepared showed no essential difference in 
the iron concentrations in the various cultures. 
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Figure 3.—Influence of boron on the dry weight of Spirodela, 


TABLE 6—EFFECT OF BORON ON THE IRON CONCENTRATION. ONE PLANT WAS 
INITIALLY PLACED IN EACH CULTURE. 


With Withont 
Potassium Tartrate Potassium Tartrate 
Treatment 

Average Average Average Average 

No. of Tron No. of Tron 

Plants Cone. Plants Cone. 
Control 92 | 0.1080 mgs. 44 | 0.05 mgs. 
Boron 0.25 p. p.m 102 | 0.0860 mgs. 47 | 0.022 mgs. 
Boron 0.5 p. p. | aperriaeie. 65 | 0.044 mgs. 
Boron 1.0 p. p. oy 86 | 0.1050 mgs. 55 | 0.050 mgs. 
Boron 2.0 p. p. ‘s 58 | 0.1180 mgs. 52 | 0.025 mgs. 
Boron 5.0 p. p. 


Volume of solution—250 ce. 
Duration of experiment—5 weeks. 
Figures are average of 3 cultures. 
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All contained approximately about 0.125 mgs. of iron per flask. 
By the fourth day the available iron content of the tartrate series, 
which is shown in Table 7, was in excess of those without tartrate. 
Boron had no effect on the solubility of iron under these conditions. 
A floceulent and amorphous precipitate was present in the cultures 
the third day after they were prepared. This was evidently the 
reason for a decrease in the iron content. 

TABLE 7—EFFECT OF BORON ON THE SOLUBILITY OF IRON ANALYSIS MADE 4 DAYS 


AFTER PREPARATION OF THE SOLUTION. AMOUNTS GIVEN ARE FOR 250 cc. 
OF THE CULTURE SOLUTION. 


Without With 
Potassium Tartrate Potassium Tartrate 


Treatment 
pH Iron Conc. pH Iron Conc. 
Mgs. Megs. 


Figures are average of four cultures. 


EXpERIMENTS WiTH CHLORELLA SP. 


The nutrient solution used in these experiments was a modified 
Knop solution, having the following composition: 


This solution was diluted by using 100 ce. of the above solution 
and 900 ec. of distilled water. MnSO,y 4H2O was added so that the 
concentration of manganese was 0.1 p. p.m. Iron was added in five 
tenths (0.5) p.p.m. as FeCl; unless otherwise specified: 


Chlorella was chosen for these experiments because the relation 
of this plant to iron had been studied carefully by Hopkins and 
Wann (11) and later Hopkins (13). Since it has been assumed by 
Sideris and Krauss (27) and Skinner, Brown and Reid (28) that 
boron toxicity may be related to the availability of iron, it seemed 
appropriate to select the iron relations which are so well established. 
The relation of iron to chlorophyll formation in Chlorella has been 
investigated by Emerson (7). Furthermore there is some advantage 


EFFECT OF BORON ON THE GROWTH OR CERTAIN GREEN PLANTS 19 


in using unicellular plant since complications due to internal precipi- 
tation of iron in the nodes are avoided. 


Experiment 6. 

In order to determine the tolerance of Chlorella to boron, an ex- 
periment was made using solution K-2 to which boron was added in 
varying amounts. Potassium tartrate was added to half of these cul- 
tures at a concentration of 20 p.p.m. The tartrate was added as in 
previous experiments to inerease the availability of iron. The results 
obtained are presented in Table 8 and in Figure 4. With the tar- 
trate present there appears to be a slight stimulation of growth with 
boron at a concentration of 1 to 20 p. p.m. inclusive. Less growth 
was noted at 30 p.p.m. Without tartate, stimulation was noted 
in cultures containing boron at 5 and 10 p.p.m. The reduction in 
yield at 30 p. p.m. was more pronounced in the cultures without tar- 
trate than with tartrate. 


Experiment 7. 

The experiment was similar to the preceding except that sodium 
citrate at 20 p. p.m. was used instead of tartrate. The concentra- 
tions of boron was used in the range previously found to be stimu- 
latory. The detailed data are given in Table 9. Marked stimulation 
of growth was noted in all the cultures containing boron. This was 
true whether citrate was used or not. 


Experiment 8. 

To obtain evidence on the possible action of boron in reducing 
iron toxicity, an experiment was started in which the iron coneentra- 
tion was varied from 0.5 to 10 p.p.m. Boron was kept constant at 
20 p.p.m. Solution K-2 under pure culture methods was used. 
The initial and final ph of the various culture solutions were de- 
termined. This together with the dry weight of the cultures is pre- 
sented in Table 10. When the solution was prepared it was noted 
that iron precipitation increased with an increase in iron concentra- 
tion. During the first 20 days it was noted that growth was very 
slow in the cultures containing above 4 p. p.m. of iron. Afterwards 
growth became faster and at the end of 43 days the culture with 
8 p. p.m. had almost attained the same amount of growth as those 
with 4 and 6 p.p.m. Had the experiment been coneluded earlier 
more marked differences would have been noted in the yield between 
the lower and the higher iron concentrations. The results do not 
show any effect of boron on reducing iron toxicity since there is not 
a marked difference between the cultures with and without boron. 
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TABLE 8-INFLUENCE OF BORON ON THE GROWTH OF CHLORELLA IN THE PRES- 
ENCE OF POTASSIUM TARTRATE. 
With | Without 
Potassium | Potassium 
Treatment Tartrate _Tartrate 
Dry Weight | Dry Weight 
Mgs. Megs 
Boron 1.0 p. p.m d| 20.9 
Boron 2.0 p. p.m 23.5 
Boron 5.0 p. p.m 26.8 
Boron 10 p. p.m 27.0 
Boron 20 p. p.m 22.3 
16.6 


Boron 30 p. p.m 


Figures are averages of six cultures. 
Age of the cultures—40 days. 
Volume of solution—250 ce. 
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Figure 4.—Effect of boron on growth of Ciilorella. 


PapLE 9-INFLUENCE OF BORON ON THE GROWTH OF CHLORELLA IN THE PRES- 


ENCE OF SODIUM CITRATE, 


With Without 

Sodium Sodium 

Treatment Citrate Citrate 
Dry Weight | Dry Weight 

Boron 0.25 p. p.m 12.0 2.9 
Boron 0.5 p. p.m...... 12.0 3.6 
Boron 1.0 p. p.m........ 12.8 3.8 
Boron 10.0 p. p.m 18.5 5.7 


The figures are averages of six cultures. 
Age of the cultures—22 days. 
Volume of solution—250 cc. 
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Figure 5.—Effect of boron on growth of Chlorella. 


Experiment 9. 

In the previous experiments with Chlorella little or no toxicity of 
boron was noted. Consequently in this experiment concentrations 
of boron up to 140 p. p.m. were used. The experiment was similar 
to experiments 7 and 8 except that the cultures were kept under a 
cheesecloth shade in the greenhouse, with temperatures prevailing 
from 20 degrees to 25 degrees C. Because of slow growth under these 
conditions the cultures were brought back to the laboratory after 
ten days where a higher degree of illumination was used. All the 
cultures were repeated six times and the figures given in Table 11 
are the average of the six cultures. 


TABLE 10-EFFECT OF INCREASING IRON CONCENTRATIONS ON THE GROWTH OF 
CHLORELLA IN THE PRESENCE OF BORON. 


. Iron Initial Dry Weight Final 
Cone. pH Megs. pH 
p. p.m. 

4.0 3.78 27.9 6.67 
4.0 3.78 29.8 6.67 
8.0 3.44 21.8 6.58 
8.0 3.44 20.8 6.41 
10.0 3.44 18.2 5.14 
10.0 3.44 20.0 5.82 


Boron—20 p. p. m. as borie acid. 
Iron as FeC13, 

Age of cultures—43 days. 

Figures are averages of 4 cultures. 


Volume of solution—250 ce. 
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The results show that with and without sodium citrate growth 
is decreased at all concentrations of boron as compared to the con- 
trols, but even at the highest concentration Chlorella was still alive 
at the end of 23 days and had made appreciable growth. A better 
growth was obtained with sodium citrate than without and this is 
probably related to a greater availability of iron as is indicated in 
the iron concentration of culture solutions not seeded with Chlorella. 


Experiment 10. 
This experiment was essentially the same as the one previously 


described, except that dextrose was supplied to each culture at a 
concentration of 1%. The sugar was used merely to permit a more 
luxuriant growth and to know if under these conditions the toxicity 
of boron still prevails. At the conclusion of the experiment all of 
the cultures with sugar showed a distinctive chlorosis. The cultures 
instead of being deep green were of an orange color. This appeared 
first in the cultures containing boron but within a day or so the 
same condition was noted for the control. Dr. E. F. Hopkins of this 
laboratory suggested that the chlorosis observed was probably due to 
a lack of nitrogen. With the yield on a dry weight basis obtained 
and with the values reported by Muenscher (24) for the nitrogen 
requirement of Chlorella grown under similar conditions, it was pos- 
sible to calculate the nitrogen content of Chlorella of my experiments. 
These data taken with the nitrogen content of the culture solutions 
sustained the conclusion that nitrogen was deficient. Nevertheless 
during the progress of the experiment no differences were noted be- 
tween those cultures with boron and those without boron. Appar- 
ently sugar reduced markedly the toxicity of boron and a very con- 
siderable growth was obtained at a concentration of 140 p. p.m. 
This may be a matter of great significance. 


Experiment 11, 

In another experiment similar to the preceding one sucrose at a 
concentration of 1% was used. Here again no toxicity was obtained 
even with 80 p.p.m. In facet a greater growth was obtained with 
the higher concentration of boron. This was due probably to a 
greater inversion of sucrose at these higher concentrations. While 
no conclusions concerning the effect of the various concentrations of 
boron can be drawn from this experiment, the significant fact is 
presented that in the presence of sucrose boron had no toxie effect 
on chlorella. 


EFFECT OF BORON ON THE GROWTH OR CERTAIN GREEN PLANTS 23 


TABLE 1I—EFFECT OF BORON ON THE GROWTH OF CHLORELLA SP. AND ON THE 


AVAILABILITY OF IRON. 


Tron 
Boron Tron Concentra- 
Concentra- | Dry Weight | Concentra- tion in 
Treatment tion in Mgs. tion in Non-seeded 
p. p. m. Megs. Cultures 
Mgs. 
20 2.0 0.006 0.009 
40 1.9 0.009 0.010 
60 1.8 0.010 0.010 
80 2.1 0.007 0.009 
100 1.6 0.009 0.010 
120 1.2 0.008 0.010 
140 1.1 0.007 0.010 
F. N. Boron and Na-Citrate............... 10 6.8 0.008 0.011 
20 5.2 0.010 0.018 
40 3.9 0.010 0.016 
60 3.2 0.010 0.020 
80 2.5 0.010 0.017 
100 1.8 0.008 0.020 
120 1.5 0.008 0.018 
140 1.5 0.010 0.017 


Duration of experiment—22 days. 
Volume of solution—50 ec. 


TABLE 12—-EFFECT OF BORON ON THE GROWTH OF CHLORELLA SP. AND ON THE 
AVAILABILITY OF IRON IN THE PRESENCE OF SUGAR AND SODIUM 


CITRATE. 
Tron 
Boron Iron Concentra- 
Concentra- | Dry Weight | Concentra- tion in 
Treatment tion in Mgs. tion in Non-seeded 
p. p. m. Mgs. Cultures 
Mgs. 
N. Boron and ... 10 34.5 0.008 .020 
20 34.8 0.009 0.021 
40 34.2 0.008 0.022 
60 34.2 0.009 0.018 
80 34.5 0.009 0.017 
100 34.4 0.005 0.020 
120 31.4 0.006 0.018 
140 28.0 0.007 0.017 
F. N. Boron Sodium Citrate and Dextrose. 10 36.2 0.013 0.020 
20 36.9 0.016 0.024 
40 39.4 0.010 0.023 
60 39.4 0.011 0.021 
80 39.0 0.014 0.024 
100 37.1 0.009 0.022 
120 35.4 0.010 0.022 
140 33.9 0.009 0.021 


Duration of experiment—22 days. 
Volume of solution (50 ec.) 
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TABLE 13—INFLUENCE OF BORON ON THE GROWTH OF CHLORELLA IN THE PRES 
ENCE OF SUCROSE. 


Initial Final Dry Weight 
Boron Concentration pH pH Mgs. 
4.3 5.58 27.6 
4.3 6.84 | 29.7 
ue 4.3 6.53 38.9 
4.3 6.37 | 43.7 


Durition of exp2rim2at—3) days. 
Volume of solution—50 ce. 


Discussion 


Several hypotheses have been offered by various investigators to 
explain the cause of chlorosis obtained when boron is present in the 
culture medium. Haas (8) in his studies on the toxie effect of boron 
on fruit trees reported an experiment in which lemon seedlings were 
grown in water cultures. Hoaglands solution plus 7.5 p.p.m. of 
boron and varying amounts of iron sulphate ranging from 5 to 105 
p. p.m. was used. Photographie evidence of this experiment shows 
that increasing iron from 5 to 25 p. p.m. counteracted the apparent 
toxic symptoms of boron. Haas explains these results on the basis 
of a catalytic action of iron or a possible precipitation of boron as 
an insoluble ferric borate and thus a decrease in boron concentra- 
tion. Sideris and Krauss (27) obtained chlorosis in the presence of 
boron only when the iron content was low. They suggested that the 
chlorosis was due to a lack of iron caused by the formation of an 
insoluble ferrie borate. In explaining the stimulation obtained, when 
boron was present, they offer the possibility that iron may have been 
toxic. The formation of an insoluble ferric borate would decrease 
the iron concentration and therefore reduce the toxie effects. Fur- 
thermore, if boron were present in an amount sufficient to cause a 
toxie condition the addition of more iron would decrease the soluble 
boron content in the same manner. Skinner, Brown and Reid (28) 
in their studies on the effect of borax on plants under field condi- 
tions referred repeatedly to a ‘‘Bleaching’’ of the leaves, though 
reduced yield was noticed without chlorosis. They suggested ‘‘this 
prevention of chlorophyll formation may be due to interference with 
the assimilation of iron, similar to the action of calcium or as ob- 
served with an excess of manganese compounds.’’ This implies an 
effect on the permeability of the cell by boron or accumulation. 

In the work of Haas, Sideris and Krauss, and Skinner, Brown 
and Reid lemon seedlings, pineapple and corn plants were used 
respectively. In these plants the leaves are relatively far removed 
from the absorbing zone and it is possible that the chlorosis reported 
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by these individuals may have been due to a relation between boron 
and iron. It is conceivable that boron might cause a precipitation 
of iron within the roots or stems and a shortage of iron would pre- 
vail in the leaves. Hence chlorosis would follow. A simple ex- 
periment of painting the leaves with a dilute iron salt possibly would 
have given evidence for the validity of this hypothesis. 

In my own experiments a unicellular alga Chlorella was used 
in one series and the simple higher plant Spirodela polyrhyza in the 
other series. By using these plants the precipitation between the 
absorbing zone and the chlorophyllous region is minimized. This 
may account for the failure of marked chlorosis in my experiments. 
In the initial experiments with Spirodela slight chlorosis was ob- 
served in the presence of boron. This chlorosis disappeared with the 
addition of potassium tartrate. The controls lacking boron were also 
slightly chlorotic but less so than those with boron. The control 
plants also became greener with the addition of potassium tartrate. 
These data tend to confirm the viewpoint that there is a relation 
between boron toxicity and iron. Unfortunately the evidence in this 
case was not decisive. 

In later experiments with Spirodela under pure cultures no chlo- 
rosis was induced by boron. Similarly Chlorella failed to show 
chlorosis with high boron content. Chlorosis therefore is not neces- 
sarily a characteristic of boron injury. Reduced growth as noted by 
Skinner, Brown and Reid may result without chlorosis and my own 
results confirmed these conclusions. It is true that iron deficiency 
may result in decreased yield without chlorosis,* so that these results 
are not entirely contradictory to the view exposed by Haas, Sideris 
and Krauss and others. 

Analysis of iron showed no decrease of available iron in the cul- 
ture solution used when boron is added. While a precipitate forms 
in the solution used and forms gradually, no boron was noted in the 
precipitate. The addition of potassium tartrate and of sodium ei- 
trate which increases the availability of iron while increasing growth 
did not reduce the toxicity of boron. The controls without boron 
were improved by the addition of tartrate or citrate, but comparing 
the boron cultures with these controls, they showed in general the 
usual increase or decrease of growth noted in those eultures without 
tartrate or citrate. 

The results with sugar are suggestive. While further experiments 
of this character are necessary the results indicate that a plant with 
a high sugar content is more tolerant to boron than one with low 
* Miller, D. Plant ology. p, 262. McGraw-Hill Book Co. (1931) 
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sugar content. It is true that the nutrient medium containing sugar 
has a higher content of iron, but in view of the experiments with 
citrate and tartrate it seems more appropiate to assign the protective 
action to the sugar rather than to the iron. 


ACKNOWLEDGMENTS 
The writer wishes to express his gratitude to Dr. Lewis Knudson 
for his guidance, criticisms and helpful suggestions so freely given 
throughout the course of this work. Acknowledgment is also due to 
Dr. E. F. Hopkins for his suggestions and assistance. 


SUMMARY 


1. Under the usual water-culture methods boron proved toxic 
to Spirodela polyrhyza at concentrations of above 1 p.p.m. 
Toxicity was evident in reduced growth, smaller plants, 
and loss of roots. In concentrations above 5 p. p. m. death 
soon occurred. Chlorosis was noted in all the cultures 
but those plants with boron were slightly more chlorotic 
than the controls. In both eases the addition of inorganic 
iron was without effect, but the addition of potassium 
tartrate at a concentration of 20 p.p.m. resulted in a 
marked ehlorophyll development in all the cultures, 

2. Under pure culture conditions boron seemed to increase 

growth at certain concentrations. At a coneentration of 

5 p. p.m. toxicity was apparent. No chlorosis was noted 

with boron. 

3. With Chlorella under pure culture conditions marked stimu- 
lation was noted in experiments 6 and 7 with eoncentra- 
tions up to 10 p. p.m. and even with higher coneentra- 
tions. In experiments 8, 9 and 10 no stimulation was 
noted. 

4. Chlorella proved extremely resistant to boron. <A eonecen- 
tration of 30 p. p.m. was required to decrease growth on 
experiment 6 while in experiment 9 toxicity was noted at 
a concentration of 10 p. p.m. as evidenced by decreased 
growth, but survived at a concentration of 140 p. p.m. 
No chlorosis was noted in any ease. 

5. The addition of sodium citrate or potassium tartrate, both 
of which tend to increase iron availability did not de- 
erease the toxicity of boron when growth was taken as 
the criterion. 

6. The addition of dextrose to the culture medium increased 
growth as expected and made Chlorella much more re- 
sistant to boron. This was likewise true of sucrose. 

. Boron did not deerease the availability of iron. 

. Boron was not found present in the precipitation formed in 
the culture medium. The method of analysis used was 
not very sensitive. 


18. 
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STUDIES ON DISEASE RESISTANCE 


I. A TOBACCO RESISTANT TO ORDINARY TOBACCO MOSAIC.* 


J. A: -B. Nonna; Ph. 
Assistant Commissioner of Agriculture 


INTRODUCTION 


The field of immunity and resistanee to pathogens in plants is 
one of unusual interest and of great promise. In plants, unlike 
animals, efforts directed to the induction of aequired immunity have 
been unsuccessful, except perhaps in the ease of the ring-spot of to- 
bacco: Price (22) and the aucuba mosai¢ of tomato on Nicotiana syl- 
vestriss Kunkel (18). In the former the virus is present in the tissues 
which fail to produce necrotic lesions upon a second inoculation and 
this peculiar reaction is systemic; in the latter immunity against the 
aucuba mosaic virus results from infection with the ordinary tobacco- 
mosai¢ virus and such immunity is restricted to the areas invaded by 
the latter. 

It seems quite improbable that pathologists will find in this phase 
of immunity a practical answer to the problems of plant disease 
control. Natural inherent immunity should be a logical way of 
protecting the higher plants from their pathogens. Strains of some 
of our important crop plants exhibiting a high degree of tolerance 
or resistance to disease have been discovered in various regions of 
the world and these plants have been the basis for researches on the 
nature of disease resistance and on the development of new varieties 
of crop plants resistant to one or more diseases. 

Last year the writer and Roque (21) announced the discovery 
of the mosaic resistance of the Colombian Ambalema tobaceo (Nico- 
diana tabacum L.); but no account was given of the details of the 
experiments. 

The purpose of this paper is to present the results and observa- 
tions on infection studies with this variety of tobacco. 

The investigation was begun in Puerto Rico in 1929-30 and con- 
tinued at the University of Cornell (1930-1932) and the University 
of Winsconsin (1932-1933). 


* Accepted for publication October 1934. 
** John Simon Guggenheim Memorial Foundation Fellow. Latin American Exchange. 
July 1932-Sept. 1933. 
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MATERIALS AND 


The resistant variety Ambalema was the basis of all the studies; 
but Turkish Tobacco, var. Samsun, ‘‘Ceniza’’, ‘‘Consolation’’ and 
Connecticut Havana No. 38 were used as checks. The variety Sam- 
sun was used as one of the parents of the cross with the resistant 
tobacco. This variety has been in our collection since 1928 and was 
obtained through the courtesy of Mr. John Steele of the Puerto Rican 
Leaf Tobacco Co. of San Juan, who had received it from Greece. 
The variety Havana No. 38 was obtained from Professor James 
Johnson of the University of Wisconsin. The yellow tobacco ‘‘Con- 
solation’’, like the glaucous (‘‘Ceniza’’) variety, originated in Puerto 
Rico probably by mutation from one-of the ordinary filler types. 
The Nicotiana glutinosa L. employed in this investigation was ob- 
tained from Professor Johnson. 

The tobacco plants used for purposes of determining suscep- 
tibility or resistance to mosaic were grown in three or four-inch 
pots, in fertile soil compost. 

The tobacco plants were first inoculated when very small, at about 
the stage of development described by Johnson (10); namely, ‘‘with 
only two to four leaves large enough to be inoculated.’’ Some of 
the resistant plants were removed to slightly colder greenhouses 
after notes were taken on the results of a second inoculation. All 
plants regarded as resistant were inoculated three times at intervals 
of 7-10 days. 

The N. glutinosa plants were similarly grown in warm green- 
houses. These were planted in four-inch pots and topped down to 
eight or nine leaves. Topping favors expansion of the leaves. When 
inoculated each plant supported at least six good sized, sound leaves. 

The rubbing or wiping method described by Holmes (8) was 
employed in all inoculations on tobacco or N. glutinosa. Leaf ma- 
terial was crushed in sterile mortars in the customary way. 

The presence of the virus in a resistant plant or its concentration 
therein was determined by rubbing the freshly extracted juices on 
N. glutinosa or on small tobacco plants. The production of the 
typical symptoms of ordinary tobacco mosaic on young tobacco plants 
or the production of lesions on N. glutinosa were considered as evi- 
dence of the presence of the virus in the resistant plant. 

The concentration of the virus particles in infected plants has 
been generally determined, on the basis of Holmes’ method, by mak- 
ing counts of the local lesions produced on N. glutinosa leaves, taking 
as a measure the number of lesions per leaf. It occurred to the writer 
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that since the higher or lower rate of growth of the N. glutinosa 
plant may determine a larger or smaller number of lesions per leaf, 
the results obtained in different laboratories would hardly be com- 
parable. Holmes’ method presupposes unit areas but does not take 
eare of the factor of differential rate of growth. Consequently, the 
number of local lesions produced per measured unit area on N. glu- 
tinosa was taken in this investigation as the measure of the concen- - 
tration of the virus. Five leaves of N. glutinosa were employed 
for each observation. The area was measured on the third day 
after inoculation, when counts of lesions were made, and the num- 
ber of local lesions per every 10 sq. cm. of leaf surface was taken 
as an index of the virus concentration. In measuring the area of 
leaves the following procedure was observed throughout. The leaves 
were outlined on a book so that a permanent record was obtained. 
The area was then measured from the paper with the aid of a plani- 
meter. 

The virus cultures employed in this investigation were obtained 
as follows: the ordinary tobacco-mosaie virus (tobacco virus 1) as 
‘used by Grant (7) in his studies of the suscept range of the tobacco- 
mosaic virus; the viruses of yellow tobacco mosaic, cucumber mosaic, 
yellow cucumber mosaic, potato ring-spot, Wingard’s tobacco ring- 
spot, celery mosaic, veinbanding, and mottle were obtained from 
Professor Johnson’s Laboratory. In the early stages of these studies 
we used a culture of the tobacco-mosaic virus isolated from diseased 
material from Puerto Rico. 

The thermal inactivation point of the viruses was determined in 
5 ec. samples of freshly extracted juices by subjecting them to the 
desired temperatures for ten minutes, as described by Johnson (12).. 
In the statistical study of the significance of results, Student’s method 
for paired results and Bessel’s method were employed throughout. 
In general, odds lower than 31.36 to 1 were considered as meaning 
that the deviations observed might be considered as being caused by 
chance alone. 


~ 


EXPERIMENTAL RESULTS 


Infection of the resistant variety.—As a general rule, when large 
plants of the Colombian variety Ambalema are inoculated with the 
virus of the ordinary tobacco mosaic no appreciable visible symptoms 
appear on leaves or on the suckers of the inoculated plants. If 
such plants are examined when in a rapidly growing condition, a 
very mild mottling may be observed in the younger leaves of some 
individuals. At the beginning, plants older than six or seven weeks 
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were employed and, therefore, considerable doubt arose as to whether 
infection with the mosaic virus had taken place. Roque (23) has 
stated that no infection oceyrred in 686 inoculations that he made. 
The writer is satisfied that those observations were on large plants 
on which the symptoms must not have been evident. In the present 
trials plants of all ages were inoculated with the virus and it has 
been found that infection occurred in every instance irrespective of 
size of plant. 

On small plants.—The first experiment to determine the produc- 
tion of visible symptoms of ordinary tobacco mosaic on small plants 
of the resistant strain, consisted of the inoculation of ten plants. 
Five plants each of ‘‘Ceniza’’, ‘‘Consolation’’, Turkish and Havana 
No. 38 were used as checks. At the end of two weeks the typical 
symptoms of the disease were very evident on all the checks. On 
the resistant variety clearing of the veins occurred and was followed 
by interveinal small chlorotic areas of a mild type, which appeared 
by the ninth day and became more evident at the end of two weeks. 
(See figs. 1-7 and 10-14.) These plants and checks of the Turkish 
variety were transferred to six-inch pots and finally to ten-inch pots 
and kept until blossoming time. Soon after transferring to the large 
pots the symptoms disappeared from the resistant plants and these 
reached normal development. The check plants remained stunted 
and numerous lesions were evident on the older leaves. During the 
course of this investigation a total of 373 small plants of the Amba- 
lem@ variety and adequate checks were inoculated and studied. It 
is concluded from the experiment that young plants of the Ambalema 
variety become infected with the ordinary tobacco-mosaie virus as 
shown by symptoms and presence of the virus in the tissues but that 
infected plants apparently recover from the disease as is indicated 
by subsequent normal growth and disappearance of symptoms. 


On large plants——Plants 4, 6 and 8 weeks old were inoculated in 
order to determine susceptibility to infection. Clearing of veins 
was noted at the end of five to seven days on the 4-week old plants. 
but it soon disappeared. (See figs. 8 and 9.) No visible symptoms 
were noted on the older plants. In order to determine if these 
plants had become infected the juice from the inoculated leaf and 
the three successive leaves was extracted separately and N. glutinosa 
and check plants inoculated with it. Necrotie local lesions appeared 
on N. glutinosa and typical symptoms developed on the check suscep- 
tible tobacco plants indicating the presence of the mosaic virus in 
the tissues of the inoculated plants. 
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On transplants——An experiment was made with the purpose of 
ascertaining whether infection occurs in plants of the age at which 
they are ordinarily transplanted into the field. Four-week-old 
seedlings were pulled and treated as follows: (a) 100 Ambalema and 
25 susceptible seedlings inoculated with the mosaic virus; (b) 25 
Ambalema and 25 susceptible seedlings left uninoculated. All were 
transplanted into 4-inch pots. At the end of 7-10 days mild symp- 
toms were discovered on the inoculated Ambalema plants, severe 
symptoms on young leaves of susceptible plants, and no change on the 
uninoculated Ambalema and susceptible plants. At the end of four 
weeks, only the lower leaves of inoculated Ambalema plants showed 
a very faint mottling; the inoculated susceptible plants were severely 
affected with mosaic and were discarded. All the inoculated Am- 
balema plants and ten each of uninoculated Ambalema and suscep- 
tible plants were planted in the garden and observations made until 
blossoming had occurred. The extracted juices from the inoculated 
plants when inoculated to N. glutinosa plants showed the presence 
of the virus in those plants. Judging from type and rapidity of 
growth, the inoculated Ambalema plants made as normal a develop- 
ment as the uninoculated Ambalema plants. The susceptible un- 
inoculated plants became infected after transplanting in the garden.. 
The experiment proves that in the case of the resistant tobacco, even 
though infection occurs during transplanting, the plants will not be 
seriously affected and will recover from the disease although the 
virus may be present in the tissues. 

Reaction of the Ambalema tobacco to other viruses—It was 
deemed of considerable interest to determine the reaction of this 
tobacco to other viruses known to infect ordinary tobacco. This va- 
riety of tobacco would have been of unique value if it had turned 
out to be resistant to these viruses. Lots of ten plants were each 
inoculated with the virus of the following diseases: cucumber mo- 
saic, yellow cucumber mosaic, potato ring-spot (healthy potato virus) 
Wingard’s tobacco ring-spot, veinbanding, mottle (healthy potato 
virus), veinbanding plus potato ring-spot (spot necrosis), celery mo- 
saic, yellow tobacco mosaic, and the ordinary tobacco mosaic as a 
check. The results were as follows: 

(a) The cucumber and the yellow cucumber mosaic viruses in- 
fected the plants very virulently producing much malformation and 
a very conspicuous pattern on the leaves. (See figs. 17, 18, 20 and 
22.) 
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(b) Potato ring-spot. The ring-spot virus obtained from appar- 
ently healthy potatoes and proved by Johnson (10) to cause a pe- 
culiar ring-spot disease on tobacco, can infect the Ambalema tobacco 
and produce the typical symptoms on the leaves. Infected plants did 
not recover under the conditions of the warm greenhouse; the plants 
became stunted and were finally destroyed. 

(c) Tobacco ring-spot.—The virus of the ring-spot of tobacco, re- 
ported by Fromme, Wingard, and Priode (5) as an infectious dis- 
ease, produces a very virulent infection on the Ambalema tobacco. 
The symptoms appear on the third day after inoculation and infec- 
tion becomes readily systemic in the plants. Severe defoliation 
ensues and attempts of infected plants at new vegetative growth are 
quickly frustrated by the necrotic ring spots which extend over the 
blades of open or unfolding leaves. The infection is much more 
severe than that produced by the potato ring-spot virus. Plants do 
not recover from infection. (See fig. 16.) 

(d) Mottle—The virus obtained from healthy potatoes and pro- 
ducing a mottling in tobacco (Johnson: 10) unlike that induced by the 
ordinary tobacco-mosaic virus, was found to infect the Ambalema 
variety. The symptoms were similar to those observed on the check 
Havana No. 38 plants. The plants seemed to be little affected by 
the disease even though the characteristic symptoms appeared suc- 
cessively in the new growth. 

(e) Veinbanding.—The veinbanding virus, one of the factors re- 
sponsible for the rugose mosaic of the potato, when inoculated into | 
Ambalema plants produces symptoms similar to those produced by 
‘the same virus on other tobacco plants. In our experiments, the 
clearing of the veins while not as striking as that produced by in- 
fection of the check Havana No. 38 plants, did not fade away, as 
in the case of the clearing of the veins which results consequent to 
infection with the ordinary tobacco mosaic. 

(f) Spot-necrosis—This disease of tobacco, first described by 
Johnson (10) and suggested by him (13) as identical with the rugose 
mosaic of potato was definitely established by Koch (16, 17) to be a 
combination of the mottle obtained from apparently healthy potatoes 
and the insect-transmitted veinbanding. Koch (17) further demon- 
strated that the spot- necrosis could be produced by a combination of 
the potato ring-spot virus and the veinbanding virus. This com- 
bination was inoculated into the Ambalema plants. Infection oc- 
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curred and on the third day necrosis of the leaf tissue was well 
under way. Within a week, most of the leaves had been involved. 
The plants were transplanted into large pots and removed to a 
slightly colder greenhouse. Leaves showed necrotic lesions while 
still unfolded, and the plants finally succumbed to infection. It can _ 
be stated without hesitation that the severest infection was produced 
by this combination of viruses. . 

(g) Celery mosaic——The virus causing a mosaic in celery and 
described by Wellman (26) as celery virus 1, produced symptoms on 
Amboalema which are somewhat similar to those produced on Havana 
No. 38 tobacco plants. The plants, however, seem to be able to 
grow to maturity even though somewhat stunted. 

(h) The yellow tobacco-mosaic virus produced infection on Am- 
balema plants and visible symptoms were evident by the sixth day 
after inoculation. These appeared in the form of small yellow areas 
which in many instances were bordered by a lesion-like zone (See 
fig. 15). The yellow areas seemed to be more conspicuous and fre- 
quent along and near the margin of the leaves. The infected plants 
were evidently more seriously affected than similar plants inoculated 
with the ordinary tobacco-mosaic virus. This point may be of in- 
terest since the difference between the yellow tobacco-mosaic virus 
and that causing ordinary tobacco mosaic have not been clearly 
defined. The affected plants were able to attain full development 
even though exhibiting the small mosaiced areas. 


DEGREE OF RESISTANCE 


It has been stated above that infection in the resistant variety 
occurs whenever plants are properly inoculated, that the symptoms 
appear only mildly in small plants and that recovery seems to develop 
with age. In order to determine in a fairly quantitative way the 
degree of resistance of the resistant plants, a comparison was made 
on the basis of the virus concentration in Ambalema and susceptible 
(Havana No. 38) plants of different sizes and ages as indicated by 
the number of local lesions produced on Nicotiana glutinosa. The 
concentrated juice extract from the leaves of plants of corresponding 
age was employed in the tests. The results appear in tables I, II 
and III. In every case the number of lesions in the tables corre- 
sponds to a different plant. The significance of the differences is 
determined by Student’s method. 


ar- 
pe- 
cco 
did 
nts 
re- 
lis- 
co. 
ec- 
on 
ire 
he 
re 
do 
"0- 
he 
na 
ck 
by 
to 
n- 
aS 
to 
a 
2S 
yf 
l- 


5 


36 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R. 


TABLE I—CONCENTRATION OF THE VIRUS IN THE JUICE OF AMBALEMA & HA 
VANA No. 38 PLANTS, FIVE WEEKS OLD; JUICE EXTRACTED ONE WEEK AFTER 
INOCULATION; LESIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF SURFACE. 


Ambalema Havana 
No. 38 a M 8. D. 


The value of Z was found to be 5.97. The odds were determined 
from the table on the values of Z. With this number of observations 
and Z taken as 6.0, the odds were found to be higher than 9999: 1 
against a difference as great as 74.232 occurring due to chance alone. 
Therefore this experiment shows a difference in resistance between 
Ambalema and Havana No. 38 at an age of five weeks. 

Taste IIH—CONCENTRATION OF THE VIRUS IN THE JUICE OF AMBALEMA AND 
HAVANA No. 38 PLANTS, 9 WEEKS OLD; JUICE EXTRACTED FOUR WEEKS 


AFTER INOCULATION; LESIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF 
SURFACE 


Havana 
Ambalema No. 38 a2 M 8. D. 


The value of Z was found to equal 2.6 which for this number of 
observations shows odds higher than 9999: 1, indicating that the dif- 
ference 42.824 is not due to chance alone. Ambalema plants at an 
age of nine weeks are more resistant than equally old Havana No. 38 
plants. 
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TaBLE II—CONCENTRATION OF THE VIRUS IN THE JUICE OF AMBALEMA AND 
HAVANA No. 38 PLANTS, 13 WEEKS OLD; JUICE EXTRACTED NINE WEEKS 
AFTER INOCULATION; LESIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF 


SURFACE. 
Havana 
Amablema No. 38 da? M 8. D. 
4.215 37.401 
3.328 47.610 
4.493... 46.771 
4.327... 36.762 
10.909... 24.892 
1.609 27.671 
5.033 30.502 
5.103 28.877 
7.150 30.632 
5.016 642 
0.159 49.770 
0.324 .007 
1.874 46, 666 
1,080 52.113 
2.751 52.823 
8.476 
6.343 47.102 
5.247 51.316 


The value of Z is 3.317, which with n= 20, gives odds higher 
than 9999:1 that the difference is not due to chance alone. There- 
fore, it may be concluded that the lower concentration of the virus 
in the resistant plant may be considered as meaning that a quantita- 
tive difference in resistance exists between the Ambalema and the 
Havana No. 38 tobacco plants of thirteen weeks of age. 

The results given above seem to show that a difference in resist- 
ance to ordinary tobacco mosaic exists between the Ambalema and 
the Havana No. 38 tobacco varieties, as measured by the number of 
local lesions produced on N. glutinosa leaves by the extracted juice 
of inoculated plants of corresponding age and size. This difference 
in resistance is expressed in terms of lesions per ten square centi- 
meters of leaf surface of N. glutinosa. 

Using Bessel’s method for the determination of the probable error 
the difference in concentration of the ordinary tobacco-mosaic_virus 
in the Ambalema and Havana No. 38 potted plants, was also found 
to be significant. The mean concentration of the virus in Havana 
No. 38 was 45.458 + 2.292 lesions per 10 square centimeters of N. 
glutinosa leaf surface (Table IV); that for the virus in Ambalema 
plants was 4.828 + 0.468 lesions (Table VI). The difference 40.63 
+ 2.34 is clearly not due to chance alone and indicates that on the 
basis of the number of lesions produced by the plant extracts on 
N. glutinosa, the Ambalema variety is more resistant to tobacco mo- 
saic than the Havana No. 38 tobacco. 


HA 
E. 
ed 
ns 
:1 
1e. 
en 
KS 
n 


38 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. BR. 


TasLz IV—-THE CONCENTRATION OF THE TOBACCO-MOSAIC VIRUS IN HAVANA 
No. 38 PLANTS, 13 WEEKS OLD; JUICE EXTRACTED NINE WEEKS AFTER INOO- 
ULATION; LESIONS PER 10 SQ. CM. OF LEAF SURFACE OF N. GLUTINOSA. 


No. of Jesions d? M 


3 


SFRRSSTELS 


AGE OF PLANT AND VirUS CONCENTRATION 


It was deemed advisable to determine if the virus concentration 
in the tissues of plants would undergo any changes with age of plant. 
For this purpose small plants were inoculated when four weeks old 
and the concentration of the virus was determined by extracting the 
juice five and nine weeks after inoculation and testing on N. glutinosa. 
Plants were properly numbered so that the same plant could be 
studied at the two ages given herein. The results appear in Table V. 
TaBLE V-COMPARISON OF THE VIRUS CONCENTRATION IN AMBALEMA PLANTS 

NINE AND THIRTEEN WEEKS OLD; JUICE EXTRACTED AT FIVE AND NINE 


WEEKS AFTER INOCULATION; LESIONS PER 10 SQ. CM. OF LEAF SURFACE 
OF N. GLUTINOSA, 


Five weeks | Nine weeks 
Plant No. after after a? M 8. D. 
inoculation | inoculation 


The value of Z was found to be 7.085 which may be taken as 7.1. 
This value with n=5, gives odds higher than 9999:1 that the dif- 
ference is not due to chance alone, thus leading to the conclusion 
that the virus concentration in the resistant plant is lower in plants 
13 weeks old than in the same plants at nine weeks of age. 

Using Bessel’s method for the determination of the probable error 
and the significance of results, the concentration of the virus at dif- 
ferent ages of the plant was studied on the basis of 20 plants of the 
Ambalema variety. The mean number of local lesions produced 
by the juice of Ambalema plants five weeks after inoculation was 
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18.006 + 0.875 (Table VI) and that by the juice of the same plants 
nine weeks after inoculation was 4.828 + 0.468 (Table VI). The 
difference of these two observations is 13.178 + 0.992. This differ- 
ence is 13.28 times as great as its probable error and therefore can 
well be attributed to an actual difference in the concentration of the 
virus in the resistant plant at an age of nine and thirteen weeks and 
not to chance. 


TasLE VI-COMPARISON OF THE VIRUS CONCENTRATION IN AMBALEMA PLANTS 
NINE AND THIRTEEN WEEKS OLD; JUICE EXTRACTED AT FIVE AND NINE_ 
WEEKS AFTER INOCULATION; LESIONS PER 10 SQ. OM. OF LEAF SURFACE 
OF N. GLUTINOSA. 


Plants 5 weeks after inoculation Plants 9 weeks after inoculation 
Plant No. 


No. of No. of 
lesions a M lesions daz M 


1.609 


eS 


ey 
om 


Total..... 360.116 639.0385 |18.006+0.875 96.550 183.3028 | 4.8280.468 


ATTENUATION 


It was thought that if the resistant plant was inherently capable 

of masking the symptoms or recovering from them, as well as prevent- 
ing an increase of the virus such as is the case in the tissues of re- 
sistant plants, it might influence the virus principle to an extent 
to which this would be rendered less virulent. The attenuation of 
pathogenic organisms is of such common occurrence that it is well to 
take advantage of new materials and tools in order to make an in- 
quiry into the possibilities that lie in the field of immunity against 
disease. 
Attenuation of plant viruses has been reported in several cases. 
A change in the ordinary tobacco-mosaic virus has been induced by 
heat (Johnson: 11) and by the action of oxygen (Johnson and 
Ogden: 15). 
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Attenuation of the virus that causes the curly-top of sugar beet 
has been reported by Carsner (2, 3) and Lackey (19, 20) by passage 
through resistant plants and. by Carsner & Lackey (4) when passed 
through resistant varieties of sugar-beet. 

From the results of Johnson & Grant (14) it appears that pas- 
sage of the ordinary tobacco-mosaic virus through Solanum atropur- 
pureum, S. melongena, S. miniatum and Martynia louisiana resulted 
in a lowering of the thermal inactivation point of the virus by several 
degrees Centigrade; between 5 and 10 degrees. The writers, how- 
ever, consider that a variation of 5°C is not ‘‘of sufficient magnitude 
to be considered significant in the present state of our knowledge 
concerning plant viruses.”’ 

Grant (7) made four successive transfers of the ordinary tobacco- 
mosaic virus through young plants of Phacelia whitlavia, larkspur, 
buckwheat, tassel flower and three transfers through French mari- 
gold, but his results showed no evidence of attenuation. 

Holmes (9) reports a strain of the tobacco-mosaic virus which is 
masked in N. tabacum but otherwise indistinguishable from the latter. 
It behaves like ordinary tobacco mosaic in response to heat, storage, 
dilution, suscept range and in production of necrotic symptoms. 

‘Kunkel (18) has recently reported three attenuated strains of the 
aucuba mosaic of tomato, isolated from plants incubated at high 
temperatures and three strains of the ordinary tobacco mosaic ob- 
tained in a similar manner. 

An experiment was made for the purpose of determining the ef- 
fect of passage of the ordinary tobacco-mosaic and the yellow tobacco- 
mosaic viruses through the resistant variety Ambalema. 

Two series, R°—S"*, involved the inoculation of resistant (R) 
and susceptible (S) Havana No. 38 small tobacco plants at intervals 
of 10 days as follows: R*--S°, meaning the original inoculation; R* 
—S', meaning the second inoculation, a susceptible plant inoculated 
with juice extracted from R* —S°; the source of inoculum for R? 
—S' being the juice of R'—S', ete. 

Two other series, R", involved the repeated inoculation of small 
resistant Ambalema plants at 10-day intervals. The experiment was 
continued during a period of 100 days when both series ended with 
inoculation into a susceptible plant. 

In order to test for modification of the virus, the extracted juices 
were inoculated into N. glutinosa and Havana No. 38 tobacco. 

The results show that no change was effected in the yellow tobacco- 
mosaic virus, that could be determined by differences in symptom 
expression. 
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Similar results were obtained with the series in which the or- 
dinary tobacco-mosaie virus was used as inoculum. It should be 
observed that the virus was in no case exposed to the attenuating 
effects of the same plant, for more than ten days. If attenuation 
of the virus occurs, this experiment proves that a longer association 
than ten days is necessary between the pathogen and the protoplasm 
of the suscept for any change to occur. In a second experiment ten 
Ambalema@ and five Havana No. 38 plants were inoculated at the 
seedling stage and kept in pots up to the blossoming stage. They- 
were transferred repeatedly from pots and the large-plant stage was 
reached in ten-inch pots. The presence of the virus in the fifth leaf 
down from the unopened bud was determined every two weeks. The 
extracted juice was inoculated into Havana No. 38 tobacco and N. 
glutinosa. 

At the end of the experiment it was found that the difference in 
virulence of the virus had not changed significantly as indicated by 
the number of local lesions produced in N. glutinosa by the extracted 
juices, and by the symptoms on Havana No. 38. One exception, 
however, was that of an Ambalema plant which had exhibited peculiar 
yellow interveinal areas on the leaves a week after inoculation. This 
plant was kept under special observation. Two months after inocula- 
tion, the symptoms had disappeared completely from old and new 
leaves. The extracted juices from this plant produced at this stage 
on Havana No. 38 a form of mosaic which differed in morphological 
symptoms from ordinary tobacco mosaic or yellow tobacco mosaic. 
Suspecting a mixture of viruses which might have occurred acci- 
dentally, it was conceived that by repeated inoculation into N. 
glutinosa a separation of elements producing necrosis on this suscept 
might be attained. Accordingly, the extracted juice from the plant 
was inoculated into N. glutinosa. No dilution was made since the 
concentrated juice from each lesion had been found in previous tests 
to produce only two or three local lesions per leaf of N. glutinosa. 
Single spots were carefully dissected out and after thorough macera- 
tion in the mortar a few drops of sterile water were added. With 
the aid of a little cotton wrapped at the end of dissecting needles, the 
small amount of extract was inoculated into a small plant of the 
Havana No. 38 tobacco and into a leaf of N. glutinosa. Quite sur- 
prisingly it was found that both the ordinary tobacco mosaic and 
the new mild form were obtained from the single spots. The process 
was repeated with the mild form alone through four additional gen- 
erations of N. glutinosc plants. The successive increase of the virus 
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and repeated isolation of single spots resulted in the purification of 
the new virus. ; 

It is of interest to have isolated a form of mosaic with a symptom 
expression different from the ordinary tobacco mosaic yet producing 
necrotic local lesions on N. glutinosa and capable of producing infec- 
tion on Ambalema tobacco. 

The logical procedure seemed to be to compare this form of mild 
mosaic with the ordinary tobacco mosaic. 

Virus concentration—A comparison of the concentration of the 
two viruses in Havana No. 38 and Ambalema plants was made in the 
way outlined at the beginning of thie paper. The results appear in 
Tables VII and VIII. 

In a series of seven observations it was found that the mean dif- 
ference in concentration of the ordinary tobacco-mosaic virus and 
the mild-mosaic virus in Ambalema plants was 0.893 lesions with 8. D. 
of 1.047, which represents odds of 22.9 to 1 against this difference 
being due to chance alone. In a similar series of five observations 
in Havana No. 38, the mean difference was 11.01 with S. D. of 11.13 
and odds of 16.2 to 1. In both eases the odds are too low, indicating 
an insignificant difference. It may be concluded on the basis of these 
observations under the conditions of this experiment, that the ordi- 
nary tobacco-mosaic virus and the mild-mosaie virus do not differ 
significantly in their concentration in either resistant or susceptible 
plants. 


TABLE VII-NUMBER OF LESIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF SURFACE 
PRODUCED BY EXTRACTED JUICES OF INOCULATED AMBALEMA PLANTS. 


Ordinary tobacco mosaic | Mild Mosaic} d? M 8. D. Z 


TaBLE VIII-NUMBER OF LESIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF SURFACE 
PRODUCED BY EXTRACTED JUICES OF INOCULATED HAVANA No. 38 PLANTS, 


Ordinary tobacco mosaic | Mild Mosaic da? M 8. D. Z 

dain 619.7504 11.010 ‘11.133 0.853 
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Symptoms.—The morphologic symptoms as explained above are 
of a mild form and unlike those of ordinary tobacco mosaic in that 
no leaf distortions or enations have been observed. For a clearer idea 
of this mosaic, see figs, 23-26. 

Nothing is known of the histologic situation. Observations in- 
dicate that the physiology of plants affected with this form of mosaic _ 
must be different from those infected with the ordinary form since 
they are able to develop fairly well and bear good seed. 

Temperature relations—Three different experiments to determine- 
the thermal inactivation point of the mild-mosaie virus showed that 
it lies between 86° and 90°C., like the checks of ordinary tobacco- 
mosaic virus. 

It was not inactivated at 85°C. This correspondence with or- 
dinary tobacco-mosaic virus should be of some significance in the in- 
terpretation of these results. 


DIscussion 


A point of interest not raised in our previous paper (21) is the 
fact that according to current hypotheses a case of resistance to mo- 
saic within the species N. tabacum would not have been expected to 
be very frequent. The ordinary tobacco-mosaic virus is certainly one 
of wide occurrence. Suffice it to mention that its host range has 
been recently extended by Grant (7) to include 29 non-solanaceous 
species distributed in 14 widely separated families. Our <iscovery, 
therefore, does not easily fall within the postulates advanced by 
Vavilov (25) who claimed that the chances for occurrence of immune 
or resistant plants would be least for species of pathogens with a 
weak degree of pathogenetic specialization. 

The results herein presented show that plants of the Ainbalema 
variety always become infected provided that inoculation is properly 
done. It has also been demonstrated that infection will occur at 
any age of the suscept. It is further shown that symptoms of a very — 
mild character will appear on small plants but that the plants have 
the capacity to outgrow the symptoms and the new growth appears 
free from chlorosis. From the commercial and practical standpoint 
this is of more than ordinary interest. It has been generally conceded 
by workers with the mosaie of tobacco that infection in the field or 
seed-bed arises when the workers handling the small plants have 
the habit of chewing tobacco. Valleau and Johnson (24) Fukushi 
(6) and Busch and Wolf (1) have determined by experiment that 
many commercial brands of tobacco serve as sources of inoculum. 
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There remains no doubt that a variety of tobacco which can escape 
the injurious effects consequent to infection at the time of trans- 
planting should prove valuable in the hands of both the practical 
grower and the scientific investigator. This is especially true if one 
bears in mind the futility of efforts in the rogueing of tobacco-mosaic 
infected plants. Wolf (27) is of the opinion that the rogueing of 
seed-beds is inadvisable. Most investigators who have had field ex- 
perience with this disease will agree that much harm will often 
result from this method of eradication unless the laborers are intel- 
ligent and extremely careful. 

The use of the number of local lesions produced on N, glutinosa 
by the extracted juices is the only method at hand to express in 
quantitative terms the concentration of the virus principle in the tis- 
sues of its host; but at best it is only of relative value. A modification 
of the method has been made here involving the expression of con- 
centration on the basis of measured areas, in this case ten square 
centimeters of leaf surface. The variety Ambalema has been con- 
sidered as resistant because the measure of the virus concentration 
in its tissues as represented by the number of local lesions per ten 
square centimeters of N. glutinosa leaf surface has been shown to be 
significantly lower than that of the juice from a known susceptible 
variety. Other factors inherent in the plant may be responsible for 
the low virus concentration. The resistance in the Ambalema va- 
riety, therefore, may be defined as the capacity of the Ambalema sys- 
tem to prevent the increase of the virus in its tissues at: the same 
high rate as is characteristic of susceptible plants. 

The Ambalema tobacco was found to be very susceptible to other 
known viruses of tobacco. It succumbs quickly to the effects of 
spot-necrosis and Wingard’s tobacco ring-spot and more slowly to 
potato ring-spot and cucumber-mosaic viruses. The degree of sus- 
ceptibility is difficult to estimate in the case of the mottle and vein- 
banding viruses although the symptoms appear in the leaves. In these 
cases we may be dealing with a mild tolerance to infection. The fact 
that it exhibits its highest resistance to yellow tobacco-mosaic and 
ordinary tobacco-mosai¢ viruses raises an important question. Is 
there really so much difference between these two viruses? Johnson 
(12) is quite convinced that they are different, though closely related. 
We only wish to call attention, in passing, to the similar reaction 
exhibited by the resistant variety to infection by both viruses. 

That the virus concentration in resistant plants. was higher in 
plants five weeks old than in the same plants at the age of thirteen 
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weeks may mean that the virus is increasing at a lower rate in the 
older plant. Another explanation may be that the virus principle 
becomes diluted with the expansion of the leaf blades. It would not 
be easy to conceive of the destruction of some of the virus principle 
in the larger and older plants. 

The isolation of an apparently new virus from resistant plants - 
inoculated with the virus of the ordinary tobacco mosaic may be ex- 
plained as a case of attenuation of the latter. 

On the basis of the symptom expression alone the mild mosaic 
can be differentiated from the ordinary tobacco mosaic. That the 
thermal inactivation point, the virus concentration and the produc- 
tion of local necrotic lesions is like in ordinary tobacco mosaic may 
indicate that the mild-mosaic virus is not very far removed from 
the latter. It will be a question as to whether the difference in 
symptom expression alone has enough weight to lead one to regard 
the two viruses as different from each other. Johnson (12) has al- 
ready pointed out that symptoms may be of little diagnostic value 
in differentiating between plant viruses. 

It may also be attributed to a separation of another mosaic virus 
or of a factor contained in the tobacco-mosaic virus. This would 
necessitate thinking of the tobacco-mosaic virus as a mixture of factors 
which may be separated from their combination. Since the known 
properties of the ordinary tobacco-mosaie virus are exhibited by the 
mild-mosaic virus and this differs from the former only in the result- 
ing symptoms, there should be no objection to regarding the mild 
mosaic as an attenuated form whose parasitic and pathogenic capacity 
has been changed or altered in degree but not in character. 

Whether this modification has been influenced by the protoplasm 
of the resistant plant in part or in its entirety, or whether other 
factors extraneous to the plant have played the major or perhaps 
the complete role, has not been ascertained in these studies. 
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SUMMARY 


1. Infection of the resistant tobaeco variety Ambalema occurs at 
all ages. 

2. Symptoms in resistant plants ordinarily consist of clearing of 
the veins followed by small chlorotic interveinal areas of a mild type. 

3. Infection occurs and mild or severe symptoms appear in trans- 
plants when these are inoculated at time of pulling. These plants 
later recover in the field, but the virus is always contained in their 
tissues. 

4. Infection of Ambalema plants was determined by inoculation 
of the juices extracted from those plants into N. glutinosa and Havana 
No. 38 tobacco. 

5. Ambalema. tobacco is also resistant to yellow tobacco mosaic, 
and celery mosaic. It should not be forgotten that symptoms are 
produced in inoculated plants but the effects produced by the disease 
are not very significant. 

6. By adequate quantitative studies it was determined that the 
Ambalema tobacco is significantly more resistant to ordinary tobacco 
mosaic than Havana No. 38 tobacco at all stages of growth. 

7. Ambalema tobacco is very susceptible to cucumber mosaic, 
yellow cucumber mosaic, potato ring-spot, Wingard’s tobacco ring- 
spot and spot-necrosis, and somewhat less susceptible to the mottle 
and veinbanding viruses. 

8. The virus concentration was found to be lower in inoculated 
resistant plants nine weeks after inoculation (13 weeks old) than 
five weeks after inoculation (9 weeks old). 

9. A mild form of mosaic was isolated from resistant plants in- 
oculated with the ordinary tobacco-mosaic virus. In its properties 
this mosaic virus seems similar to the ordinary tobacco-mosaic Virus. 
This may possibly be regarded as a case of attenuation. 


DEPARTMENT OF AGRICULTURE AND COMMERCE, 
San Juan, Puerto Rico 


| 
| 
( 

( 
( 

(1 

(1 

(1 

(1 

( 

(1 


STUDIES ON DISEASE RESISTANCE 


LITERATURE CITED 


(1) Bush, H. J. and F. A. Wolf. Manufactured tobacco, a source 
of inoculum for mosaic in flue-cured tobacco. Phytopath. 
23: 839-841. 1933. 

(2) Carsner, E. Susceptibility of various plants to eurly-top of 
sugar beet. Phytopath. 9: 413-421. 1919. “ 

(3) . Attenuation of the virus of sugar beet 
curly-top. Phytopath. 15: 745-757. 1925. 

(4) and C, F. Lackey. Further studies on at-~ 
tenuation of the virus of sugar beet curly-top. Phytopath. 
18: 951. 1928. (Abstract) 

(5) Fromme, F. D., E. A. Wingard and C. N. Priode. Ring spot 
of tobacco, an infectious disease of unknown cause. Phy- 
topath. 17: 321-328. 1927. 

(6) Fukushi, Teikichi. On the modes of transmission of the mo- 
saic disease of tobacco. Jour. Sapporo Soc. Agr. & Forestry 
22: 305-320. 1931. (Japanese with English summary.) 

(7) Grant, T. J. The host range and behavior of the ordinary 
tobacco-mosaic virus. Phytopath. 24: 311-336, fig. 1-3. 
1934. 

(8) Holmes, Francis 0. Local lesions in tobacco mosaic. Bot. 
Gaz. 87: 39-55, fig. 1-11. 1929. 

(9) . Masked strains of tobacco-mosaic virus. 
Phytopath. 24: 11. 1934. (Abstract). 

(10) Johnson, James. ‘Transmission of viruses from apparently 
healthy potatoes. Univ. of Wisconsin Agr. Exp. Sta. Res. 
Bul. 63: 1-12, pl. 1-8. 1925. . 

(11) . The attenuation of plant viruses and the 
inactivating influence of oxygen. Science, N. S., 64: 210. 
1925. 

(12) . The classification of plant viruses. Univ. 
2 pee Agr. Exp. Sta. Res. Bul. 76: 1-16, pl. 1-8. 
1927. 

(13) . The classification of certain virus diseases 
of the potato. Univ. of Wisconsin Agr. Exp. Sta. Res. Bul. 
87: 1-24, fig. 1-6. 1929. ~ 

(14) and T. J. Grant. The properties of plant 
viruses from different host species. Phytopath. 22: 741- 
757. 1932. - 

(15) and W. B. Ogden. The over-wintering of 
the tobacco-mosaic virus. Wisconsin Agr. Exp. Sta. Res. 
Bul. 95: 1-25. 1929. 

(16) Koch, Karl. The potato rugose mosaic complex. Science, 
N. 8S. 73: 615. 1931. 

(17) . The nature of potato rugose mosaic. Phy- 
topath. 23: 319-342, fig. 1-4. 1933. 


47 
non 
and 
ery 
lies 
sin, 
the 

at 

of 
pe. 
ns- 
nts 
eir 
ion 
na 
lic, 
re 
ase 
he 
ie, 
tle 
ed 
an 
n- 
ies 
1s. 


48 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R. 


(18) Kunkel, L. 0. Studies on acquired immunity with tobacco 
and aucuba mosaics. Phytopath. 24: 437-466, fig. 1-7. 
1934. 

(19) Lackey, C. F. Attenuation of curly-top virus by resistant 
sugar beets which are symptomless carriers. Phytopath. 


19: 975-977. 1929. 

(20) . Further studies of the modification of 
sugar beet curly-top virus by its various hosts. Phytopath. 
19: 1141-1142. 1929, (Abstract). 

(21) Nolla, J. A. B. and A. Roque. A variety of tobacco resistant 
to ordinary tobacco mosaic. Puerto Rico Jour. Dept. Agr. 
17: 301-303. 1933. 

(22) Price, W. C. Acquired immunity to ring-spot in Nicotiana. 
Cont. Boyce Thompson Inst. 4: 359-403, fig. 1-19. 1932. 

(23) Roque, A. Letter of 1933. 

(24) Valleau, W. D. and E. M. Johnson. Commercial tobaccos and 
cured leaf as a source of mosaic disease in tobacco. Phy- 
topath. 17: 513-522. 1927. 

(25) Vavilov, N. I. Immunity of plants to infectious diseases. 
Izv. Petrovsk. Selskokhoz. Akad.: 1-239. (Russian with 
English résumé, pages 221-239). 1918. 

(26) Wellman, F. L. Identification of celery virus 1, the cause 
of southern celery mosaic. Phytopath. 24: 695-725, fig. 
1-6. 1934. 

(27) Wolf, F. A. Roguing as a means of control of tobacco mosaic. 
Phytopath. 23: 831-833. 1933. 


EXPLANATION OF PLATES 


Puate I.—Ordinary tobacco mosaic. 


Fig. 1. Clearing of veins, early stage, Ambalema leaf. 
2. Advanced stage of infection, leaf of Ambalema tobacco. 


3. Virulent form of infection with much yellowing, Am- 
balema tobacco. 
4. Uninoculated check, Havana No. 38 tobacco. 


Puate I].—Ordinary tobacco mosaic. (Plants of same age.) 
Fig. 5. Inoculated check, Havana No. 38 tobacco. 
6. Uninoculated check, Ambalema tobacco. 
7. Advanced stage of infection, Ambalema tobacco. 


Puate III.—Ordinary tobacco mosaic. (Plants six weeks old.) 
Fig. 8. Leaves from infected plant of Ambalema. 
9. Leaves from infected plant of Havana No. 38. 


Pate 1V.—Ordinary tobacco mosaic. (Plants of same age.) 
Fig. 10 and 12. Infected Ambalema plants. 
11. Uninoculated check, Ambalema plant. 
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PiatE V.—Ordinary tobacco mosaic. (Plants of same age.) 
Fig. 13. Infected plant, Havana No. 38. 
14. Infected plant, Ambalema. 


Piate VI.—Various virus diseases on Ambalema. 

- Fig. 15. Leaf infeeted with the yellow tobacco-mosaie virus. 
(Note tendeney of yellow areas to be more conspicu- 
ous along margin of blade.) 

16. Leaf infected with Wingard’s tobacco ring-spot virus. : 

17 and 18. Leaves infected with the yellow cucumber-mo- 
virus. 

19. Uninoeulated check, leaf of Ambalema. 


Pirate VII.—Cucumber mosaic on Ambalema. (Plants inoculated in 
greenhouse and transplanted to the garden.) 
Fig. 20 and 22. Plants infected with the cucumber-mosaie virus. 
21. Check plant, infected with the ordinary tobacco-mosaic 
virus. 


Puate VIII.—Attenuation of the ordinary tobacco-mosaic virus. 
Fig. 23 and 26. Leaves of Havana No. 38 tobacco showing 


symptoms of an attenuated form of tobacco mosaic. 
24. Uninoculated check. Havana No. 38 tobacco. 
25. Inoculated check, Havana No. 38 tobacco inoculated 
with the ordinary tobacco-mosaie virus. 
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